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MONTHLY PROGRESS REPORT THROUGH 30 SEPTEMBER 1966
IIFE CYCLE TESTS
TOTAL NUMEER OF PACKS IN PROGRAM: 175
SECTION I
1. Status of original Cycling Program: The cycling program has included
cells from the following manufacturers; QGeneral Electric Company (G.,E;; R

Gould-Netional Batteries, Inc. (Gould), Sonotone Corporation (Somotone

»
and Gulton Industries, Inc.(Gulton).

TOTAL NUMBER OF PACKS IN ORIGINAL PROGRAM: 8k

Total Number of Packs Cells Failed® :

Cycled Since last Total 3

To Date Cycling Failed Report To Date :

NICKEL-CAIMTIM (10-cell packs) | :

G.E. 3.0 a.h. 12 5 7 0 46 ;

Gould 2.5 a.h. 12 3 9 0 63 i

Sonotone 5.0 a.h. 12 5 T 0 L8

Gulton 6.0 a.h. 12 2 10 0 69

TOTAL 48 15 33 0 226

NICKEL-CAIMIWM (5-cell packs)

G.E. 12 a.h. 12 6 6 0 18
Gulton 20 a.h. 12 2 10 0 35
Gould 20 a.h. 12 3 9 0 27
TOTAL 3% 11 25 0 80

*Al1l ‘feflure analysis results are cumulative. Total pack failures are
shown on pages 11 through 38; partial pack failures on pages 39 through U47.

2. Test Parameters:?

8. General Cycling Program:
(1) Amblent Temperature:
(a) 0° C.
() 25° C.
- (c) Lo° C.
Y (2) Voltage limits per pack on charge?
(a) 1.55 ¢ 0.03 volts per cell at O° C.
(b) 1.49 ¢+ 0.03 volts per cell at 25° C.

Enclosure (1)




®
(c) 1.45 + 0.03 volts per cell at 40° C.
(3) Depth of Discharge: B
(a) 90-minute and 3-hour orbits:
1. 15 percent and 25 pércent at 0° C.
2. 5 percent and 4O percent at 25° C.
3. 15 percent and 25 percent at 40° C.
(4) Orbit Time:
(a) 90 minutes--30-minute discharge and 60-minute charge.

(v) 3 hours--30-minute discharge and 150-minute charge.

3. Capacity Tests:

a. Before cycling, =ach pack was given a capacity test at its respec-
tive cycling temperature. This check consisted on a ¢/10 charge for 16
hours followed by a c/2 discharge to 1.0 volt per cell average. After
each 88 days of cycling, each pack was discharged immediately after the
end of the regular cycle charge pericd, at the ¢/2 rate to 1.0 volt per
cell averege. The pack wes then recharged at the c/lO rate for 16 hours
and discharged at the ¢/2 rate to 1.0 volt per cell average. The pack was
then recharged at the c/lO rate for 48 hours, voltage limited to the cycle
limits. Data of capacity tests is tabulated on pages 61 through 68.

4, Data:

a. Urnder normzl coperaticn, complete data is scheduisd tc be recorded
every 22 cycles cn the 9C-minute and 3-hour packs.

]
2

nd erd ¢f charge

t. The attached data sheets give end of discharge s
voltage readings for eazch cell on each cycle recorded.
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SECTIOR IT

1. Status of additions to Cyeling Programs
cells from the following menufacturers; General Electric Company (G.E.
Sonotone Corporation {Scnotone), Yardney Electric Corporation (Yardney
Gulton Industriee, Inc. (Gulton), Delco-Remy (Delco) and The Electric Storage

91

Total Number of Packs

Cycled
To Date

Bettery Compeny (E.S.B.).

TOTAL NUMBER OF PACKS ADDED TO THE PROGRAM?

NICKEI-CATMIIM (10-cell packs)
" QGulton 3.5 a.h. SHERFEY

Gulton 3.6 a.h. COULOMETER
TOTAL

NICKEL-CATMTIM (5-cell packs)
G.E. 5.0 a.h. NIMBUS
G.E. 12 sa.h.
G.E. 12 a.h. 2wrd Electrode
G.E. & Gulton 6.0 a.h. COUL
Sonotone 2.0 a.h.
Sonotone 5.0 a.h. COULMETER
Sonotone 5.0 a.h. STABISTOR
Gulton 1
Gulton 4
Gulton 5.
5
5
6

N
o]
=2

A
=3 )

NIMBUS
IDED SEAL
ONFOLDED SEAL

Gulton
Gulton
Gulton
Gulton .7 a.h. HET

Gulton ©.2 a.h. 3rd Electrode
Gulton 12 s.h.

Gulton 50 a.h.

TOTAL

YD INONO O N

SILVER-CADMIM (10-cell packs)
Yardney 12 a.th.
Yardney 3.0 a.h.

TOTAL

SILVER-CADMIWM (5-cell packs)
Yardney 5.0 a.th.
E.S.B. 8.0 a.h.
Yardney 12 a.h.

TOTAL
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*A11 fallure analysis resulte are cumulative.

pages 48 through ©0.
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Total Number of Packs

Cycled

To Date Cycling Failed

SILVER-ZINC (1C-nell packs)

Yaydney 17 a.h. 1 0 1
Deleco 25 a.h. 1 0 1
TOTAL P 0 2
SILVER-ZINC (S-cell packs)
Deleco 25 a.h. 4 O In
Delco 40 a.h. 1 0 1
TOTAL 5 0 5
*¥All failure analysis results are cumulative. Pack
pages 48 through 60. :
2. Test Parameters:
a. General Nickel-Cndmium Cycling Program:
(1) Ambient Temperature:
(a) 0° C.
(v) 25° ¢
(c) koo o
(2) Voltare iimits per pack on charge:
{a) 1.55 % 0.03% volts per cell at 0° C.
(L) 1.49 < £.03 volts per cell at 25° C.
() 1.k5 ¢+ 3.0% volts per cell at L40° C
(2) Tepth of Tischarge:
(2) 90-minute and 3-hour crbits:
1. 15 percent and 2% percent at 0° C
&. 2% percent and 40 percent at 25° O
3. 1% percent and 25 percent at 42° C.
(p) ~Ah-hour orbits:
1. 50 pernent at 25° C and LO° C.
L

-~

Cells Failed¥*

Since Last
Report

[oNoNe]

1
0
1

Total
To Date
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at

each

the third eiectrod

(4) orbit Times: _
(a) 90 minutes--30-minute discharge and 60-minute charge.
(v) 3 hours--30-minute discharge and 150-minute charge.
(¢) 2 hours--1l-hour discharge and 23-hour charge.

Nimbus Packs:

(1) Ambient Temperature:
(a) 0° ¢.
(p) 25° C.
(c) Lo° .

(2) Voltage 1imi: per pack on charge: 1.49 + 3.03 volts per cell
temperature.

(2) Depth of Diccharge:

rcent and 25 percent at 0° C.

-
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ent and kO percent at 25° C.
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(c) 15 percent and 25 percent at 40° C.
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minutes--30-minute discharge and 6C-minute charge.

Thirdi Flesirode Packs (Culton):

itz per pack on charge: None. 1 mit is controlled by

&=
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(a) 25 percent and 40 percent at 0° C.
)

(b) 25 percent and 40 percent at 25° C.
(e) 15 percent and 25 percent at 40° C.
(L) Orbit Time: 99 minutes--30-minute discharge and 60-minute charge.

d. Third Electrode Packs (General Electric):

(1) Ambient Temperatures:

(a) 29 percent and 4O percent at 0° C.

~
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e¢rcent and 4O percent at 25° C.
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ercent and 25 percent at LO° C.

(4) irvit Time: 90 minutes--3T-minute discharge and 60-minute charge.
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(#) Voltase limiws per pack on charge: Nene. Siablstor conirois
cell voltage.

(3) Depth o f Ticonaree:



(c) percent and 40 percent at 25° C.
(a)

(4) Orbit Time: 90 minutes--30-minute discharge and 60-mimute charge.

o
\J

5 percent and 25 percent at 40° C.

[

f. Coulometer Packs:
(1) Ambient Temperature: 25° C.

(2) Voltage limit per pack on charge: None. Coulcmeter controls
cell voltage.

(3) bepth of Discharge:

(2) 30 percent for 5 cells (Sonotone 5 a.h.)--Coulometer built
by Goddard S3pace Flight Center.

(t) 40 percent --coulcmeter built by G.E. (replzced by Gulton coul.)
. 10 cells (Gulton 3.6 a.h.)

. 11 cells (€ Gulton 6.0 a.h. and 5 Z.E. 6.0 a.h.)

(&) Orvit Time: 90 minutes--30-minute discharge and 60-minute charge.

g. Sherfey Cycling Packs:

1) Ambient Temperature: 25° C.

) Vcliage limit per pack on charge: None. Park cyclea in the
Partially discrharged ctate.

[+

(3) Fepth oF Disrcharge: 40 percent at 2%
(4) “roit Time: 90 minutes--30-minute discharge and 60-minute charge.
(5) eirl Type: Gulton <.6 a.h.

(6) This tj’{"h‘

with the celis in a -~omplistely dis-
charged conditicn. of a charge of 60 percent of the
cell's rated capacity by a diccharge of 40 percoent of the cell's
rated capacity. Upcn rempietion ¢f each fifth eyele, the :
charged through = cotor 7 2 mirutes to return the
completely discharged condition for the start of the ne
cycles. In thiz manner, the cell 2 1o
state much of the time therety pr
excessive gas pressurs.




h. Neoprene-Seal Packs: (Folded and Nonfolded)

(1) Ambient Temperatures:
(a) -20° C.
(v) 0o cC.
(c) 25° C.
(a) 4o° c.

(2) Vcltage limits per pack on charge:

(a) 1.55 + 0.03 volts per cell at -20° C.
(b) 1.55 * 0.03 volts per cell at 0° C.
(c) 1.49 + .03 volts per cell at 25° C.
{3) 1.45 ¢ ©.03 volts per cell at LO° C.

(32) Depth of Discharge: 25 percent at all temperature.

(4) Orbit Times: 9O minutes--30-minute discharge and 60-minute

Silver-Cadmium Packs:
(1) Ambient Temperatures:
(a) 90-minute orbit:

(1) -2¢° cC.

(2 ¢ c.
(:»\, [aS>L e}
o/ P ()

() 42 C.

(2) Vcltage

[

imits per pack cn charge:

(a) 90-minute rbit:

(1) 1.00 ¢ 0.03 volts per cell at -20° C.
E o
(2) 1.58 . 0.03 volts per zell a% 2% (.

v

charge.

o adtE




(2) 1.5 + 5.03 volts per cell at 25° C.

-

1.50 + 0.03 volts per cell at 2° C..

bud

(t) 2h-hour orbits

oG
d U 1

(a) 90-minute orbit: 25 percent at all tewperatures.

{1) 27 percent and 50 percent at O° C.
(2) 20 percent at 25° C.

(3) 20 percent and 50 percent at 4O° C.
(4) 2rbit Time:

N Nt et et e A4 a B e i AT
(2} 2C-inute--20-minute discharge and n0-1lnute charge.

N e . . . . -~ .
(2) Volvage 1im®t per pack on charge: 1.§7 % 7,03 vulte per
SECS A
at 25° C.
() Septh 7 Tiocharge:
b - P

() 5- crtit: kO percernt al 2%5° C.
3 ® ~, ' o s
fo ~hour Lol A pe""c""u andg 4 persin P ¢ fad
\ cbing by : 8 roont oat oo 0,

PN -

(L) rmis omes:
SR e ~ N e AT oy e I aka) it - W, -
L=} O nours--20-mingte dizcharge and © 70 minu'c chavgs,
N . .

- < — i - v ’ ;e
Le) % hic --l-nzur discharse and ZR-hour chars
k. Twe Step "horss Rogulator:

(;‘,) At iont Tenperatuyre: 287 0,

SN e b s S TR L g

[ GIC L TL D el TAROA LD onarde
[N 17 - R .~ N .
Veep UPTer Voo oo Limites 1030 4+ 5,07 wo s per el
(o) Low Currorny Lintt: O30 amps.

\ e PN 4 . - ~ [

(e) Lverchargs Voltage Limit: 1,87 ¢ 200% vot: per nell



‘ . )

) Depth of Discherge: 4C percent at 25° C.

Y
ta)
aa®

(4) Orbit Time: 2b-hour--l-hour diccharge and 23-hour charge.
(5) Cell Type: Delco-Remy 25 a.h.

(€Y Vhen silver-cadmium and silver-rinc cells are put on & long
charge peri~d with only a voltage 1imit, the cells begin to unbalance when
the peck goes into overcharge. A new method of charging cells of these
types was develoved at Goddard Space Flight Center. The cell pack is charged
mntil it reaches the pack upper voltage limit. At this time, the charge
current is reduced to malntain this voltage limit. When the charge current
decreases to 250 milliamperes, the on-charge voltage 1limit is then reduced
to the lower pack voltage limit which is equal tc the open circult voltage
of the cell pack. In this method, the pack recelves nc more charge until
there is a sufficient drop in the pack voltage to reset the pack voltage
limit to the upper value. This method prevents the cells Irom becoming
untalenced during long charge periods.

1. Silver-Cadmium Packs (Third Flectorde):
(1) Ambient Temperature: 25° C.
(2} Voltage limit per pack on charge: 1.51 % 0.03 volts per cell.
(3) Depth of Discharge: 16.7%
(4) Orbit Times: B8-hour--l-hour discharge and 7-hour charge.

3. Capsacity Tests:

a. Before cyeling, each pack was glven a capacity test at its respeec-
tive cycling temperature. This check consisted of a ¢/10 charge for 16
hours foilowed by a c/2 discharge to 1.0 volt per cell average. After each
88 days of cycling. each pack was discharged immediately after the end of
the regular cycle charge period, at the c/2 rate to 1.0 volt per
cell average. The pack was then recharged &t the c/lD rate for 16 hours
and discharged et the c/2 rate to 1.0 volt per cell average. The pack was
then recharged at the c/10 rate for 48 hours, voltage limited to the cycle

1imite. Data of capacity tests is tabulated on pages 68 through Th.

k., Data:

a. Under normal operation, complete data is scheduled to be recorded
every 32 cycles on the 90-minute and 3-hour packs. On the 2L4-hour packs,
complete data is teken every eight cycles. Complete data i1s taken every
24 cycles on the 8-hour packs. .

1C
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